Antibiotic G-418 is a new aminoglycoside produced as the major component by a new species of Micromonospora, M. rhodorangea NRRL 5326. The antibiotic is prepared by submerged fermentation in a soybean-dextrin medium. Antibiotic G-418 is adsorbed on a cationic-exchange resin and separated from other impurities by passing it down a Dowex (1 x 2) resin column. The antibiotic, which contains 2-deoxystreptamine, has broad-spectrum antibacterial activity and is highly active against protozoa, amoebae, tapeworm, and pinworm infections in mice. This report describes the taxonomy of the organism, and fermentation, isolation, and preliminary characterization of antibiotic G-418.
A new antibiotic, G-418, has been found which has broad-spectrum antibacterial activity in vitro and in vivo but is of special interest due to its high level of activity against protozoa, cecal amoebiasis, and helminths (G. H. Wagman, R. T. Testa, J. A. Marquez, J. A. Waitz, and M. J. Weinstein, Prog. Abstr. Intersci. Conf. Antimicrob. Ag. Chemother., 13th, Washington D.C., Abstr. 138, 1973) . Antibiotic G-418, which is essentially one major component, is recovered by methods similar to those used for other aminoglycosides. It is produced by a new species of Micromonospora named M. rhodorangea.
MATERIALS AND METHODS Taxonomy. In the tabular descriptions of the growth of M. rhodorangea on various media, two color designates are used. The first was taken from the Color Harmony Manual (1) , and the description for this designate was taken from the Descriptive Color Name Dictionary (4) . The second color designate is a synonym or near synonym of the first and was taken from the national Bureau of Standards circular no. 553 (5) .
Fermentation conditions. The inoculum for M. rhodorangea was prepared with a medium containing (grams per liter): beef extract, 3; tryptose, 5; yeast extract, 5; dextrose, 1; starch, 24; and calcium carbonate, 2. The organism was incubated at 35 C on a rotary shaker for 2 to 5 days. An inoculum of 5% by volume was used for all fermentations.
All fermentation studies were carried out in duplicate or triplicate in 500-ml Erlenmeyer flasks containing 100 ml of medium or in 14-liter fermentors containing 10 liters of medium. The fermentation medium containing (grams per liter): soybean meal, 30; dextrin, 50; dextrose, 5; calcium carbonate, 7; and cobalt chloride, 2.4 x 10-'; was chosen for further experimentation.
Antibiotic isolation. A schematic representation of the isolation process is shown in Fig. 1 . The antibiotic was adsorbed from the fermentation broth by an ion-exchange procedure. Oxalic acid was added to the whole broth to precipitate calcium ions, and the pH of the fermentation was further adjusted to 2 with sulfuric acid to release the major part of the antibiotic from the mycelium. After filtration, the clarified broth was neutralized with ammonium hydroxide, the antibiotic was adsorbed on Amberlite IRC-50 (20 to 50 mesh) ion-exchange resin in the NH4+ cycle, and the spent broth was discarded.
The antibiotic was eluted from the resin with 2 N ammonium hydroxide, and the eluate was evaporated to dryness. The material produced in this way consisted of one Fig. 2 (left) .
Separation and purification of antibiotic G-418 were achieved by first converting the lyophilized IRC-50 resin eluate to its sulfate salt and then to the free base via an IRA 401S resin column. It was purified further by passing the resin effluent through a Dowex (1 x 2) resin column (OH-cycle). Lyophilization of this base material yielded an off-white powder.
Chromatographic methods. Chromatography of the antibiotic or its hydrolysis products was carried out by development on Whatman no. 1 paper in several solvent systems. These were: (i) 2-butanonetertiary butanol-methanol-6.5 N ammonium hydroxide (16:3:1:6); (ii) n-butanol-pyridine-acetic acidwater (6:4: 1:3); and (iii) propanol-pyridine-acetic acid-water (15:10:3:12). Development times for these chromatograms were 24 h for 2-butanone-tertiary butanol-methanol-6.5 N ammonium hydroxide and 16 h for n-butanol-pyridine-acetic acid-water and propanol-pyridine-acetic acid-water. The latter two systems were developed ascending, and the former was developed in a descending mode. Other solvents used for comparative purposes are detailed in Table 9 .
Detection of antibiotic activity is by the usual bioautographic technique of overlaying the paper on agar plates seeded with Staphylococcus aureus ATCC 6538P and incubating the plates overnight at 37 C.
Detection of ninhydrin-positive spots was carried out by spraying the papergrams with 0.25% ninhydrin in a mixture of pyridine-acetone (1:1) and heating at 105 C for several minutes to develop the colored zones.
Hydrolysis of antibiotics. All antibiotics were hydrolyzed for comparative purposes as the free bases (10 mg/ml) in 6 N hydrochloric acid in sealed tubes at 100 C for 2 h. RESULTS AND DISCUSSION Taxonomic studies. Micromonospora rhodorangea has been classified as a new species of Micromonospora based upon its taxonomic and growth properties on a number of standard agar media. On some of these media, the colonies have a red-orange appearance. Therefore, the microorganism has been designated Micromonospora rhodorangea, with the production of antibiotic G-418 being a characteristic of this species. M. rhodorangea has been deposited at the Northern Utilization Research and Development Division, U.S. Department of Agriculture, Peoria, Ill., and added to its collection of microorganisms as NRRL 5326.
The microorganism has the following microscopic, macroscopic, and biochemical properties. Macroscopic observations of a 30-day-old culture incubated at 24 to 26 C in a 3% N-Zamine type A-1% dextrose-1.5% agar medium show poor growth with no visible distinguishing characteristics. M. rhodorangea is a nonsporulating species under this particular condition of growth; occasionally, chalmydospores are seen. Microscopic observations of the same culture indicates that the mycelia range from 0.4 to 0.8 ,um in diameter and are sparsely branched.
Observations of colonial growth on various media are shown in Table 1 ; the carbohydrate utilization pattern is illustrated in Table 2 ; and utilization of nitrate sources is shown in Table  3 .
M. rhodorangea is most closely related to, but different from, M. purpurea. Some differences between these two organisms are shown in rangea, decreasing the levels of the soybean meal or dextrin did not significantly affect the amount of antibiotic produced. Other starch sources could be substituted for the dextrin without significantly affecting antibiotic production. The addition of various complex nitrogenous sources to this medium did not result in increased yields. The substitution of extracted soy flour for the soybean meal at a level of 20 g/liter resulted in slightly higher antibiotic titers in an assay similar to that described by Similar antibiotic titers were obtained with inocula ranging from 1 to 10% after 7 days of incubation at 28 C (Table 5) . A faster initiation of antibiotic production occurs with the higher percentage of inoculum. Fermentations incubated at 35 C resulted in a more rapid, as well as a higher total, antibiotic yield than fermentations run at 28 C (Table 6) . Peak antibiotic production occurs between the days 5 and 7 of fermentation.
One major and two minor zones are present; the major component is identified as antibiotic G-418. Characterization of the antibiotic. The antibiotic complex was compared with a variety of antibiotics by paper chromatography and subsequent bioautography. In a series of solvent systems (Table 7) the R, values of antibiotic G-418 were distinguishable from all other gentamicin-related antibiotics. This table shows a comparison of antibiotic G-418 with the gentamicin complex, gentamicins Cl, C2, C1a, and neomycin, kanamycin, and paromomycin. Figure 2 (right) shows a bioautogram of the purified antibiotic G-418 compared with the complex in the 2-butanone-tertiary butanolmethanol-6.5 N ammonium hydroxide system. Material of this quality was assigned an anhydrous potency of 1,000 Ag/mg as antibiotic G-418 base.
Antibiotic G-418 was also differentiated from other related antibiotics by a paper chromatographic comparison of their acid hydrolysis products. Figure 3 illustrates the hydrolytic pattern of the base form of the antibiotics G-418, verdamicin, gentamicin, kanamycin, sisomicin, and tobramycin in the n-butanol-pyridineacetic acid-water chromatographic system; the origin is to the left. Visualization was done by use of ninhydrin.
The hydrolytic patterns of the listed antibiotics resulting after chromatography in the propanol-pyridine-acetic acid-water solvent system Fig. 4 . In both systems the hydrolysates of antibiotic G-418 indicate the presence of one product positive to the ninhydrin reagent which has the same migration as 2-deoxystreptamine and which is also common to the other compounds to which it was compared. The rate of hydrolysis for tobramycin is slower than the other antibiotics under these conditions, and the zone for 2-deoxystreptamine is, therefore, not evident in these chromatograms.
Some of the chemical and physical data obtained for antibiotic G-418 are shown in Table 8 .
Antibiotic G-418 is isolated as an amorphous white powder with a melting point of 138 to 144 C. It does not have any absorption in the ultraviolet range (220 to 400 nm). It is stable to boiling for at least 30 min in 0.1 M buffers in the pH range of 2 Details of the biological activity of antibiotic G-418 will be reported in a separate publication.
